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The three crystalline phases of 2D group VI TMDs [1]

Semilocal DFT-calculated energy 
differences per formula unit between 
freely suspended charge-neutral 2H 
and 1T’ phases of monolayer Mo- and 
W-dichalcogenides, with spin orbit 
coupling effects included [2]
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Theory

𝑑𝐺 = −𝑆𝑑𝑇 + 𝑉𝑑𝑃 + 𝜇𝑇𝑒𝑑𝑁𝑇𝑒 + 𝜇𝑐𝑑𝑁𝑐

Gibbs free energy differential

dP=0 𝑑𝐺1𝑇′ = 𝑑𝐺2𝐻

Pairs of Clausius-Clayperon equations

∆𝜇𝑇𝑒𝑑𝑁𝑇𝑒 = ∆𝑆𝑑𝑇

∆𝜇𝑐𝑑𝑁𝑐 = ∆𝑆𝑑𝑇

∆𝜇𝑇𝑒𝑑𝑁𝑇𝑒 = −∆𝜇𝑐𝑑𝑁𝑐

Where ∆𝜇𝑇𝑒 = 𝜇𝑇𝑒
1𝑇′ − 𝜇𝑇𝑒

2𝐻, ∆𝑆 = 𝑆1𝑇
′
− 𝑆2𝐻, ∆𝜇𝑐 = 𝜇𝑐

1𝑇′ − 𝜇𝑐
2𝐻

Total entropy difference

∆𝑆 = ∆𝑆𝑝ℎ𝑜𝑛𝑜𝑛 + ∆𝑆𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 + ∆𝑆𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑆𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛 becomes relevant when 2H prefers 

clusterization and 1T’ isolated ordering. [6] 
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Phase diagrams
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Growth procedure. (a) The solution containing the alkali metal (promoter), 
ammonium metallate (water-soluble transition metal precursor), and iodixanol
dropped and spin-casted onto the clean SiO2 (300 nm)/Si wafer to form the 
precursor/promoter (P/P) layer. (b) Two-zone CVD chamber with different 
temperatures. The substrate was loaded in the high temperature region (zone 
2) and the solid chalcogen was sublimated in the low temperature region (zone 
1). [8]

Material growth
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1T’ Raman peak positions Bg (A’’) Ag (A’) Bg (A’’) Bg (A’’) Ag (A’) Ag (A’) Ag (A’) Bg (A’’) Ag (A’) Ag (A’) ?

Theoretical

Beams, et al. [9] 78 94 107 111 128 163 192 249 260

Kan, Min et al. [10] 73.75 80.41 101.01 111.27 125.69 161.1 162.52 254.58 269.22

Experimental (few-layer to bulk)

HQ Graphene 1T’ 
(experimental, bulk) 

77.5 94.7 107.2 128.5 163.8 260

Park et al. (CVD, ~20 nm) [11] 107 126.9 163 256.1

Zhou et al. (CVD, ?) [12] 78 93 110 128 162 258

SiO2/MoTe2/hBN (CVD, few 
layer)

78 93 106 110 128 163 191 254 267

Experimental (monolayer)

Empante et al. (CVD, 1L) [13] 80 85 102 112 126 162

Naylor et al. (CVD, 1L) [14] 112 127 161 188 252 269

Chen et al. (CVD, 1L) [15] 85 92 102 113 128 164 190 253 270

Au/MoTe2/hBN (CVD, 1L) 84 101 112 127 162 188 250 271 302

Pt/MoTe2/hBN (CVD, 1L) 69 85 101 113 128 162 189 251 270

SiO2/MoTe2/hBN (CVD, 1L) 85 101 113 128 162 189 251 271 302

1T’ Raman data

7



2H Raman peak positions E’ - A1’ - E’’ A2’ - I(A2’/E’’)

Kan, Min et al. (calculated) 
(10)

114.54 170.03 230.16

Yamamoto et al. (calculated,
1L to bulk)(16) 

120.2 178.1 242.3 300.5

Yamamoto et al. 
(experiment, 1L)(16) 

138 172 185 236.5 291 0

Au/MoTe2/hBN (CVD, 1L) 116 136 171 183 234 291 0-0.2

Pt/MoTe2/hBN (CVD, 1L) 102 137 170 183 235 290 302 0-0.1

SiO2/MoTe2/hBN (CVD, 1L) 104 137 168 183 234 302 0

2H Raman data
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Au Pt
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231-239 cm-1

1T’ Raman peak positions after 
2H > 1T’ phase change

Bg (A’’)
70

Ag (A’)
85

Bg (A’’)
93

Bg (A’’)
102

Ag (A’)
113

Ag (A’)
128

Ag (A’)
163

Bg (A’’)
189

Ag (A’)
251

Ag (A’) 
270

Song et al. (strain phase change, 
>20 nm) [17]

120 140

Cho et al. (laser phase change, 
bulk) [18]

123 138

Tan et al. (laser phase change, 
bulk) [19]

125 140

Wang et al. (electrostatic, 1L) [20] 167.5

Zakhidov et al. (electrostatic, 
electrochemical, 1L to bulk) [21]

78 90 120 140 168

Shi et al. (THZ, 1L) [22] 163.3

Kim et al. (2D electride, bulk) [23] 125 140 166 191 270

Material Peak, cm -1

2H-MoTe2 235, 170

1T’-MoTe2 85, 162

Te metal [24] 120, 140

121 cm-1

236 cm-1

2H-1T’ Phase transition

162 cm-1
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